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The antipyretic effect of
dipyrone is unrelated to
inhibition of PGE; synthesis
in the hypothalamus
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Bacterial lipopolysaccharide (LPS) induces fever through two parallel pathways; one, prostaglandin (PG)-dependent and the
other, PG-independent and involving endothelin-1 (ET-1). For a better understanding of the mechanisms by which dipyrone
exerts antipyresis, we have investigated its effects on fever and changes in PGE, content in plasma, CSF and hypothalamus

induced by either LPS or ET-1.
EXPERIMENTAL APPROACH

Rats were given (i.p.) dipyrone (120 mg-kg™) or indomethacin (2 mg-kg™) 30 min before injection of LPS (5 png-kg™, i.v.) or
ET-1 (1 pmol, i.c.v.). Rectal temperature was measured by tele-thermometry. PGE, levels were determined in the plasma, CSF

and hypothalamus by ELISA.
KEY RESULTS

LPS or ET-1 induced fever and increased CSF and hypothalamic PGE; levels. Two hours after LPS, indomethacin reduced

CSF and hypothalamic PGE; but did not inhibit fever, while at 3 h it reduced all three parameters. Three hours after ET-1,
indomethacin inhibited the increase in CSF and hypothalamic PGE; levels but did not affect fever. Dipyrone abolished both
the fever and the increased CSF PGE; levels induced by LPS or ET-1 but did not affect the increased hypothalamic PGE; levels.
Dipyrone also reduced the increase in the venous plasma PGE, concentration induced by LPS.

CONCLUSIONS AND IMPLICATIONS

These findings confirm that PGE, does not play a relevant role in ET-1-induced fever. They also demonstrate for the first time
that the antipyretic effect of dipyrone was not mechanistically linked to the inhibition of hypothalamic PGE, synthesis.
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4-AA, 4-aminoantipyrine; 4-MAA, 4-methylaminoantipyrine; aCSF, artificial cerebrospinal fluid; AVP, arginine-
vasopressin; BBB, blood-brain barrier; BCSFB, blood—CSF barrier; BK, bradykinin; COX, cyclooxygenase; CRF,
corticotrophin-releasing factor; CSF, cerebrospinal fluid; ET-1, endothelin-1; IL, interleukin; LPS, lipopolysaccharide;
NSAID, nonsteroidal anti-inflammatory drugs; PFPF, pre-formed pyrogenic factor; PG, prostaglandin; POA/AH, preoptic
area of the anterior hypothalamus; TNF, tumour necrosis factor; Tsv, Tityus serrulatus venom
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Introduction

Fever, a characteristic consequence of infection and an
important host defence response, is triggered by a variety of
exogenous pyrogens, including the so-called pathogen-
associated molecular patterns, such as lipopolysaccharide
(LPS) produced by Gram-negative bacteria (Roth et al., 2006;
2009). This response is mediated by several endogenous pyro-
gens, such as tumour necrosis factor-o, interleukin (IL)-18,
IL-6, corticotrophin-releasing factor (CRF), endothelin-1 (ET-
1), pre-formed pyrogenic factor (PFPF), bradykinin and pros-
taglandins (PG) (Roth and De Souza, 2001; Roth et al., 2009).

Previous data from our group (Fabricio etal., 1998;
2005a,b; 2006a) and others (Strijbos et al., 1992) have sug-
gested that two pathways running in parallel are responsible
for the development of fever induced by LPS. One of them is
PG-dependent and requires peripheral/central cytokine
synthesis/release and subsequent PG synthesis (via COX-2) in
the preoptic area of the anterior hypothalamus (POA/AH)
(Nakamura et al., 2005; Roth etal., 2006; 2009; Lazarus
etal.,, 2007) and is sensitive to blockade by indomethacin.
The other is a PG-independent pathway (insensitive to
indomethacin), which involves PFPF derived from LPS-
stimulated macrophages, CRF and ET-1 (Zampronio et al.,
2000; Fabricio et al., 2005a,b; 2006a).

The mechanisms involved in the antipyretic action of
nonsteroidal anti-inflammatory drugs (NSAIDs) have gener-
ally been ascribed to their ability to inhibit COX-1 and/or
COX-2 in the CNS (Botting, 2006; Roth efal., 2009).
However, some NSAIDs also seem to display antipyretic prop-
erties unrelated to COX inhibition. For example, the anti-
pyretic effect produced by a high dose of indomethacin
(8 mg-kg™) is mediated to a substantial extent via vasopressin
V; receptor activation by arginine-vasopressin, as it can be
blocked by an antagonist of this receptor (Wilkinson and
Kasting, 1989; De Souza et al., 2002).

Dipyrone (also known as metamizol) is a potent anti-
pyretic and analgesic pyrazolone derivative (Lorenzetti and
Ferreira, 1985; Levy et al., 1995) widely used in clinical prac-
tice in several countries. Unlike the other NSAIDs, dipyrone
has pronounced analgesic and antipyretic effects, but very
weak anti-inflammatory effects (Lorenzetti and Ferreira,
1985; Tatsuo et al., 1994; De Souza et al., 2002). Although
Hinz et al. (2007) have shown that this drug blocks peripheral
COX-1 and COX-2, its mechanism of antipyretic action is not
yet entirely clear. Whereas some studies have reported that
the antipyretic effect of dipyrone depends on PGE, synthesis
inhibition (Shimada etal., 1994; Kanashiro etal., 2009),
others suggest that it does not (De Souza et al., 2002; Pessini
et al., 2006).

The current study aimed to clarify if the antipyretic effect
of dipyrone was mechanistically related to the inhibition of
PG synthesis. To this end, we have compared the effects of
dipyrone and indomethacin on both fever and changes in
PGE; levels in the CSF and the hypothalamus induced by LPS
and ET-1 injection. In addition, we investigated the influence
of pretreatment with dipyrone on the relationship between
the plasma, CSF and hypothalamic PGE, levels following LPS
injection. Our results strongly support the view that the fever
induced by i.c.v. injection of ET-1 is PGE, independent. In
addition, they show for the first time that even though dipy-
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rone reduces PGE; concentration in the plasma and CSF, it
does not inhibit hypothalamic PGE, synthesis, unlike
indomethacin. These data suggest that, at the dose used here,
the antipyretic effect of dipyrone is unrelated to the inhibi-
tion of hypothalamic PGE, synthesis.

Methods

Animals

Care and use of the animals were in full compliance with the
Ethical Principles in Animal Research adopted by the Brazil-
ian College of Animal Experimentation (COBEA) and Guide
for the Care and Use of Laboratory Animals of the Institute
for Laboratory Animal Research (National Research Council,
1996), and the study was previously approved by the Animal
Research Ethics Committee of the Faculty of Medicine of
Ribeirdo Preto, University of Sdo Paulo (Protocol no. 136/
2007). Experiments were conducted on 246 male Wistar rats
weighing 180-200 g, housed individually at 24 = 1°C under
a 12:12 h light—dark cycle (lights on at 06:00 AM) with free
access to food and tap water until the night before the experi-
ment, when only water was made available. Each animal was
used only once.

Temperature measurements

The rectal temperature was measured in conscious and unre-
strained rats every 30 min for 6 h by gently inserting a
vaseline-coated thermistor probe (model 402 coupled to a
model 46 telethermometer, Yellow Springs Instruments,
Yellow Springs, OH, USA) 4 cm into the rectum, without
removing the animal from its cage. Experimental measure-
ments were conducted in a room with the temperature con-
trolled at 27 * 1°C, the thermoneutral zone for rats (Gordon,
1990). Baseline temperatures were determined three to four
times and at 30 min intervals prior to any injection treatment
(and always up to 10:00 AM). Only animals displaying mean
basal rectal temperatures between 36.8 and 37.2°C were
selected for the study. In order to minimize core temperature
changes due to handling, animals were habituated to this
environment and procedure twice on the preceding day.

Intracerebral cannula implantation

Under anaesthesia induced by a mixture of ketamine and
xylazine (60 mg-kg™' and 20 mg-kg™, respectively, i.p.), a per-
manent 22-gauge stainless steel guide cannula (0.7 mm OD,
10 mm long) was stereotaxically implanted into the right
lateral ventricle at these coordinates: 1.6 mm lateral to the
midline, 1.5 mm posterior to bregma and 2.5 mm under
the brain surface (the incisor bar was lowered 2.5 mm below
the horizontal zero) (Paxinos and Watson, 1986). Cannulae
were fixed to the skull with jeweler’s screws embedded in
dental acrylic cement. Animals were then treated with oxytet-
racycline hydrochloride (400 mg-kg™', i.m.) and allowed to
recover for 1 week before the experiments. After each experi-
ment, the animals were anaesthetized as described before,
and the location of the cannula track was verified histologi-
cally. Animals showing cannula misplacement, blockage
upon injection or abnormal weight gain patterns during the
post-implantation period were excluded from the study.
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CSF and venous blood sampling:
determination of PGE; concentration
A single CSF sample was collected from each animal accord-
ing to the method described by Consiglio and Lucion (2000).
Briefly, just prior to CSF collection, each rat was anaesthetized
as described before and fixed to the stereotaxic apparatus,
with its body flexed downward. The top and back of the head
were trichotomized and moistened with a cotton swab soaked
in ethanol to facilitate the visualization of a small depression
between the occipital protuberance and the atlas. A 25-gauge
needle connected to a 1 mL syringe was then inserted verti-
cally and centrally through this depression into the cisterna
magna and a gentle aspiration caused the CSF to flow through
it, resulting in 50 to 100 pL samples. Gentle movements of
the needle are necessary during collection in order to prevent
bleeding. The collected CSF samples were placed in Eppen-
dorf tubes containing indomethacin (10 uM) to prevent PG
production, ex vivo. Samples were maintained in the dark and
on ice until centrifugation at 1300x g for 15 min at 4°C, and
the supernatants were immediately frozen to -70°C until
analysis. Samples contaminated with blood were discarded.
For blood collection, animals were anaesthetized and
single blood samples of the abdominal vena cava (3 mL) were
collected at 2 and 3 h after LPS, placed in tubes containing
indomethacin (10 uM) and heparin, cooled on ice and pro-
tected from light, centrifuged at 1300x g for 15 min at 4°C,
and the supernatants were immediately frozen to —70°C until
analysis. We chose to determine the venous plasma PGE,
concentration because arterial plasma PGE, levels are very
low due to extensive metabolism after passage through the
pulmonary circulation (Piper et al., 1970; Steiner et al., 2006).
PGE, levels were measured using ELISA kits from Cayman
Chemical (Ann Arbor, MI, USA) following the procedures
detailed in the instructions, with a detection limit of
7.8 pg-mL". Cross-reactivity data were as follows: 17.5% with
PGE;, 11.9% with PGE,, 7% with PGFy,, 6% with PGF,,, 2.5%
with 6-0x0-PGF;, and less than 0.1% with all other pros-
tanoids tested. Intra- and inter-assay coefficients of variation
were <11%. All samples were assayed according to the manu-
facturer’s instructions.

Dissection of hypothalamus and
determination of PG levels in

the hypothalamus

Immediately after CSF collection, the animals were killed by
decapitation and their brains rapidly removed. The entire
hypothalamus was dissected from the brain using the follow-
ing limits: the anterior border of the optic chiasma, the ante-
rior border of the mammillary bodies and the lateral
hypothalamic sulci, with a depth of 2 mm. The total dissec-
tion time elapsed from decapitation was <2 min (Fabricio
et al., 2006b), and the hypothalami were immediately frozen
to —70°C until analysis.

Each hypothalamus (~100 mg) was homogenized in 1 mL
of RPMI medium containing indomethacin (2 mg-mL™)
using a Digital 600-w ultrasonic microprocessor cell disrupter
(Virsonic 100® — VirTis, Gardiner, NY, USA) and then acidified
with HCI (1 N) to pH = 3.5-4.0. Samples were maintained in
the dark on ice until centrifugation at 20 000x g for 15 min at
4°C. The resulting supernatant was applied to a minicolumn

(Sep-Pak® Classic C18 cartridge 360 mg, Waters Corporation,
Milford, MA, USA) and PGE, was eluted using 2 mL of
ethanol. The sample was dried using a speed vacuum (Heto-
vac® model CT110, Birkercd, Denmark) for 18 h. The follow-
ing day, the dry sample was resuspended in enzyme
immunoassay (EIA) buffer and the levels of PGE, were mea-
sured using a PGE, Express EIA Kit from Cayman Chemical
according to the manufacturer’s instructions.

Pretreatment and treatment protocols

Rats were pretreated with indomethacin (2 mg-kg™, i.p.),
dipyrone (120 mg-kg™, i.p.) or vehicle (in both cases Tris-HCI
in saline, i.p.; see Materials). Thirty minutes later, animals
were given an i.v injection of Escherichia coli LPS (5 ug-kg™),
or an i.c.v. injection of ET-1 (1 pmol), or identical injection of
their respective vehicles, that is, sterile saline (0.2 mL, i.v.) or
artificial cerebrospinal fluid (aCSF; 3 uL, i.c.v.). The doses of
indomethacin, dipyrone, ET-1 and LPS were selected based on
previous studies from our group (De Souza et al., 2002; Fab-
ricio et al., 2005a).

For i.c.v. injections of ET-1, a 31-gauge needle connected
by polyethylene tubing to a 25 uL. Hamilton gas-tight syringe
(Hamilton, Birmingham, UK) was lowered into the guide
cannula so that it protruded 2.5 mm beyond its tip into the
ventricle, and a volume of 3 uL was slowly infused over 1 min
to avoid abrupt increases in CSF volume. Intravenous injec-
tions of LPS or the corresponding vehicle were given via a
lateral tail vein. Both pyrogenic stimuli were always injected
between 10:00 and 11:00 h to minimize variability due to
potential diurnal fluctuations in responsiveness.

Data analysis. For data analysis, the baseline temperature
prior to any injection was determined for each animal and all
subsequent rectal temperatures were expressed as changes
from the mean basal value. Data are reported as mean = SEM.
Mean baseline temperatures did not differ significantly
among the groups included in any particular set of experi-
ments. The levels of PGE, were analysed by one-way ANOVA
followed by Tukey’s test. The changes in rectal temperature
were compared across treatments and time points by two-way
ANOVA for repeated measurements followed by Bonferroni’s
test. All data were analysed using Prism 5 computer software
(Graph-Pad, San Diego, CA, USA). Differences were consid-
ered significant when P < 0.05.

Materials

The following compounds were used: ET-1 from Research
Biochemicals International (Natick, MA, USA), LPS (E. coli
0111:B4) from Sigma (St Louis, MO, USA), indomethacin
from Merck, Sharp & Dohme (Sao Paulo, Brazil), dipyrone
(sodium metamizol) from Aventis Pharma Deutschland
GmbH (Berlin, Germany), ketamine (Ketamina Agener® from
Unidao Quimica Farmacéutica Nacional S.A. (Sdo Paulo,
Brazil), xylazine (Dopaser®) from Calier Laboratories S.A. (Bar-
celona, Spain), oxytetracycline hydrochloride (Terramicina®)
from Pfizer (Sdo Paulo, Brazil).

Indomethacin was initially dissolved in 1 mL of sterile
Tris-HCI (0.2 M, pH 8.2) and subsequently diluted further
with 9 mL of sterile saline. Dipyrone was first dissolved in
9 mL of sterile saline and further diluted with 1 mL of sterile
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Tris-HCI, pH 8.2, to ensure that both drugs were administered
in identical vehicles. LPS was diluted in saline and ET-1 in
aCSF (composition mM: 138.6 NaCl, 3.35 KCl, 1.26 CaCl, and
11.9 NaHCO3).

Results

Effect of indomethacin and dipyrone on fever
induced by LPS or ET-1

Under our experimental conditions, i.v. injection of LPS
(5 ng-kg) elicited a marked rectal temperature elevation that
started at 90 min, peaked between 2 and 3 h, and persisted up
to 6 h (Figure 1A,C). On the other hand, i.c.v. administration

-0- Veh/Sal (n=5)
~~ Indo/Sal (n=6)
A _e VehlLPS (n=7)
29 - Indo/LPS (n=7)

-0- Veh/aCSF ( )

-~ Indo/aCSF ( )

B - VEeWET-1 (n=6)
1.0q -4 Indo/ET-1 ( )

0.5

ATT (°C)

0.0¢1,

Figure 1

of ET-1 (1 pmol) also caused a long-lasting fever, but the
onset of this response was faster than that seen for LPS
(Figure 1B,D).

Pretreatment of rats with indomethacin (2 mg-kg™’, i.p.)
significantly reduced the pyrogenic response to LPS from 3 to
6 h after its i.v. injection (Figure 1A). As expected (Fabricio
etal., 1998; 2005a), indomethacin did not affect the
febrile response induced by ET-1 (Figure 1B). Furthermore,
indomethacin did not modify the basal rectal temperature of
control rats (Figure 1A,B).

Pretreatment of rats with dipyrone (120 mg-kg™, i.p.) sig-
nificantly reduced the pyrogenic response to LPS from 2.0 to
3.5 h after its injection (Figure 1C) and abolished the fever
induced by ET-1 (Figure 1D). Dipyrone did not modify the
basal rectal temperature of control rats (Figure 1C,D).

-0~ Veh/Sal (n=5)
-0+ Dip/Sal (n=5)
o~ Veh/LPS (n=5)
& Dip/LPS (n=5)

Time (h)

-0- Veh/aCSF (n=6
- Dip/aCSF (n=7
-o- Veh/ET-1
& Dip/ET-1

Effect of indomethacin (A and B) or dipyrone (C and D) on fever evoked by lipopolysaccharide (LPS; A and C) or endothelin-1 (ET-1; B and D).
Rats received i.p. injections of indomethacin (Indo, 2 mg-kg™), dipyrone (Dip, 120 mg-kg™') or vehicle (Veh, 10% Tris-HCI in saline, 0.5 mL)
30 min prior to LPS (5 ug-kg™, i.v.), ET-1 (1 pmol, i.c.v.) or sterile saline (Sal)/aCSF (0.2 mL and 3 uL, respectively, as controls). Values represent
the means = SEM of the changes in rectal temperatures (ArT, °C) of the animals. *P < 0.05 compared with the groups treated with vehicle/LPS
or vehicle/ET-1; #P < 0.05 compared with the groups treated with Veh/Sal or Veh/aCSF. Basal rectal temperatures of each group were as follows:
(A) Veh/LPS = 36.99 = 0.05; Veh/Sal = 36.96 = 0.07; Indo/LPS = 37.00 = 0.05; Indo/Sal = 36.95 = 0.04; (B) Veh/ET-1 = 36.95 = 0.06; Indo/ET-1
=37.00 = 0.08; Veh ET-1 = 36.90 = 0.04; Indo/aCSF = 37.00 * 0.04; (C) Veh/LPS = 36.92 + 0.04; Veh/Sal = 37.00 * 0.07; Dip/LPS = 37.02 =
0.06; Dip/Sal = 36.96 = 0.05; (D) Veh/ET-1 = 36.96 = 0.04; Veh/aCSF = 37.02 = 0.05; Dip/ET-1 = 36.95 = 0.04; Dip/aCSF = 37.00 * 0.06.
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Effect of indomethacin or dipyrone on

changes in PGE, concentration in the CSF
and hypothalamus induced by LPS or ET-1

In order to measure the PGE, content in cisternal CSF and
hypothalamus, samples were collected 2 and 3 h after LPS
injection and 3 h after ET-1 injection. These times were
selected to compare the CSF and hypothalamic PGE, concen-
tration with the antipyretic effect because at 2 h indometha-
cin does not reduce fever to LPS, while at 3 h it does (Fabricio
et al., 2005a).

Under our experimental conditions, PGE, levels in the
CSF of control animals treated with vehicle alone (saline or
aCSF) were below the detection limit of the assay (Figures 2B
and 3B), unlike the PGE, content in hypothalami collected
from such animals, which was clearly detectable (Figures 2C
and 3B). As expected, LPS or ET-1 treatment increased PGE,
content in both the CSF (Figures 2B and 3B) and the hypo-
thalamus (Figures 2C and 3C).

Confirming the results shown in Figure 1A,B, indometha-
cin (2 mg-kg', i.p.) reduced LPS-induced fever at 2 and 3 h
(Figure 2A), but failed to modify the fever induced by ET-1 at
3 h (Figure 3A). More importantly, at these time points,
indomethacin reduced the increase in CSF and hypothalamic
PGE, content induced by LPS (Figure 2B,C). Likewise, given
prior to ET-1 injection, indomethacin also reduced PGE,
content in CSF (Figure 3B) and hypothalami (Figure 3C), to
values below those of vehicle/aCSF controls (Figure 3C).
Additionally, after intravenous saline or i.c.v. aCSF injection,
indomethacin did not modify the basal rectal temperature
but reduced the hypothalamic PGE, content to values below
those of vehicle-treated animals (Figures 2C and 3C).

Dipyrone (120 mg-kg™, i.p.), which inhibited the fever
induced by both LPS (Figures1C and 2A) and ET-1
(Figures 1D and 3A), also inhibited the increase in PGE, levels
in CSF induced by these stimuli (Figures 2B and 3B). In sharp
contrast to indomethacin, however, dipyrone did not change
the hypothalamic PGE, content in LPS- (Figure 2C) or ET-1-
stimulated rats (Figure 3C), but substantially reduced the
hypothalamic PGE, content in animals that received i.v.
saline (Figure 2C) or i.c.v. aCSF (Figure 3C) injections.

Effect of dipyrone on the change in venous
plasma PGE, concentrations induced by LPS
Venous plasma PGE, concentrations were augmented 2 and
3 h after intravenous injection of LPS. Pretreatment with
dipyrone fully blocked this increase in plasma PGE, concen-
trations (Figure 4).

Discussion

These findings constitute solid evidence that fever induced by
i.c.v. ET-1 is PGE, independent and shows, for the first time,
that dipyrone blocks fever and PGE, synthesis in the CSF
induced by LPS and ET-1 without altering the content of this
prostanoid in the hypothalamus. Also of significance was the
finding that dipyrone inhibited the increase in PGE, content
in the blood induced by LPS. Altogether, these in vivo findings
open a new view about the mechanism involved in the
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Figure 2

Effect of indomethacin (Indo) or dipyrone (Dip) on changes in rectal
temperatures (A), CSF (B) and hypothalamic (C) PGE, concentration
after lipopolysaccharide (LPS) injection in rats. Indo (2 mg-kg™, i.p.),
Dip (120 mg-kg™, i.p.) or vehicle (Veh, 10% Tris-HCl in saline,
0.5 mL) was administered 30 min prior to LPS (5 ug-kg™, i.v.) or
sterile saline (Sal, 0.2 mL, control) injection. The CSF and hypothala-
mus were collected 2 and 3 h after LPS or saline injection. PGE,
concentration was determined by ELISA. Values represent means =+
SEM of the variation in rectal temperature (ArT, °C) and the PGE;
levels in the CSF (pg-mL™") and hypothalamus (Hyp; pg-g™' of tissue).
#,*P < 0.05 compared with the groups treated with Veh/Sal or
Veh/LPS respectively. Basal rectal temperatures of each group were as
follows: Veh/Sal = 37.01 = 0.04; Indo/Sal = 36.89 = 0.03; Dip/Sal =
36.87 = 0.03; Veh/LPS = 36.98 + 0.04; Indo/LPS = 37.03 *+ 0.04;
Dip/LPS = 36.99 *+ 0.06.
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Figure 3

Effect of indomethacin or dipyrone (Dip) on changes in rectal tem-
perature (A), CSF (B) and hypothalamic (C) PGE; concentration after
endothelin-1 (ET-1) injection in rats. Indomethacin (Indo, 2 mg-kg™',
i.p.), Dip (120 mg-kg™, i.p.) or its vehicle (Veh, 10% Tris-HCI in
saline) was administered 30 min prior to ET-1 (1 pmol, i.c.v.) or
sterile aCSF (3 uL, control) injection. The CSF and hypothalamus
were collected 3 h after ET-1 or aCSF injection. PGE, concentration
was determined by ELISA. Values represent means *= SEM of the
variation in rectal temperature (ArT, °C) and the PGE; levels in the
CSF (pg-mL™") and hypothalamus (Hyp; (pg-g™' of tissue). #,*P < 0.05
compared with the groups treated with Veh/aCSF or Veh/ET-1
respectively. Basal rectal temperatures of each group were as follows:
Veh/aCSF = 37.0 = 0.05; Indo/aCSF = 36.89 + 0.03; Dip/aCSF =
36.87 = 0.03; Veh/ET-1 = 36.91 = 0.06; Indo/ET-1 = 36.96 = 0.05;
Dip/ET-1 = 37.14 = 0.07.
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Effect of dipyrone on changes in rectal temperatures (A) and plasma
(B) PGE, concentration after lipopolysaccharide (LPS) injection in
rats. Dipyrone (Dip, 120 mg-kg-1, i.p.) or vehicle (Veh, 10% Tris-HClI
in saline, 0.5 mL) was administered 30 min prior to LPS (5 pg-kg™,
i.v.) or sterile saline (Sal, 0.2 mL, control) injection. Blood was taken
2 and 3 h after LPS or saline injection and plasma prepared. PGE,
concentration was determined by ELISA. Values represent means =+
SEM of the variation in rectal temperature (ArT, °C) and the PGE;
levels in the plasma (pg-mL™"). #,*P < 0.05 compared with the groups
treated with Veh/Sal or Veh/LPS respectively. Basal rectal tempera-
tures of each group were as follows: Veh/Sal = 36.90 = 0.03; Veh/LPS
=36.97 = 0.05; Dip/LPS = 36.96 * 0.03.

antipyretic effect of dipyrone, which differs from that of
indomethacin in that dipyrone blocks fever and PGE, syn-
thesis in CSF but not in hypothalamus, regardless of the
involvement of PGE, in the febrile response.

It is widely accepted that PGE, generated in the POA/AH
is the main mediator of fever induced by LPS, by acting on
prostaglandin EP; receptors expressed on thermoregulatory
neurons located in the POA/AH (Engblom et al., 2003; Oka
et al., 2003; Nakamura et al., 2005; Roth et al., 2006; 2009;
Lazarus et al., 2007). In agreement with this view, our present
results show that fever induced by LPS was accompanied by
increases in PGE, content in the CSF and also in the hypo-
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thalamus (Sehic et al., 1996; Matsumura et al., 1997; Fabricio
et al., 2005a). As expected, indomethacin reduced the fever
(Figures 1A and 2A) and the increase of PGE, in the CSF
(Figure 2B), and abolished the increase of PGE, in the
hypothalamus (Figure 2C) 3 h after LPS administration, dem-
onstrating the relevance of PGE, to the mediation of LPS-
induced fever. However, it is interesting to note that while the
PGE, levels in the CSF (Figure 2B) and the hypothalamus
(Figure 2C) of indomethacin-treated rats were clearly reduced
to basal levels 2 h after LPS administration, the intensity of
fever was unaffected at that time point (Figure 2A). In this
context, Feleder et al. (2004; 2007) have shown that at this
time point, hypothalamic PGE; is not essential for the expres-
sion of fever after LPS in guinea pigs and that it may result
from oy-adrenoceptor activation by noradrenaline (see Blat-
teis, 2007 for review).

Additionally, as mentioned in the Introduction, there are
studies showing the existence of several pathways, running
in parallel, during the development of fever induced by
LPS (Strijbos etal., 1992; Fabricio etal., 1998; 2005a,b;
2006a; Zampronio etal.,, 2000; Feleder etal, 2004).
The PG-independent (indomethacin-insensitive) pathway
involves PFPF, which in turn depends on CRF release and
activation of the endothelin system in the CNS, via ET; recep-
tors to produce fever (Zampronio ef al., 2000; Fabricio et al.,
2005a,b; 2006a).

ET-1 is considered to be one of the central mediators of
febrile response induced by i.v. LPS, as this response is asso-
ciated with increased levels of the peptide in the CSF, and
BQ-788, an ETj; receptor antagonist, reduces the fever induced
by LPS (Fabricio et al., 1998; 2005b). Confirming previous
findings from our laboratory, indomethacin did not reduce
fever induced by ET-1, even though it fully blocked the
increases of PGE, content in the CSF promoted by this
peptide (Figures 1B and 3A,B) (Fabricio etal.,, 2005a).
However, several studies have clearly established that it is the
PGE, content in the hypothalamus, rather than that in the
CSE that is relevant to the development of fever (Scammell
et al., 1998; Okumura et al., 2006; Futaki et al., 2009). Our
current study demonstrated, for the first time, that
indomethacin effectively inhibited the increase in PGE,
content in the hypothalamus (Figure 3C) induced by ET-1
without affecting the febrile response. These results clearly
dissociate fever induced by ET-1 from its enhancing effects on
PGE, content.

The prodrug dipyrone is a potent antipyretic and analge-
sic pyrazolone derivative and several studies have proposed
that these effects depend on its conversion to at least
two active metabolites, 4-methylaminoantipyrine and
4-aminoantipyrine (Levy et al., 1995; Hinz et al., 2007). These
metabolites indeed have been shown to inhibit COX either in
vitro (Abbate et al., 1990; Campos et al., 1999; Pierre et al.,
2007) or ex vivo (Hinz et al., 2007). Dipyrone decreases fever
induced by IL-1f, a known PGE,-dependent pyrogen, but not
by PGE, itself (Shimada et al., 1994; De Souza et al., 2002). It
also inhibits fever and the increase of PGE, levels in CSF
which accompany zymosan-induced knee inflammation
(Kanashiro et al., 2009), suggesting that the antipyretic effect
of dipyrone is related to the inhibition of PGE, synthesis.
However, previous studies by our group found that dipyrone,
at the same dose used here, blocked indomethacin-resistant

(PG-independent) fever induced by several endogenous
pyrogens, including PGF,, (De Souza etal., 2002), or by
Tityus serrulatus venom (Pessini et al., 2006), suggesting that
dipyrone also has antipyretic properties unrelated to COX
inhibition.

As expected, in the present study, dipyrone reduced LPS-
induced fever (Figure 1C). In addition and more importantly,
it shows for the first time that this drug also abolished the
PGE,-independent fever induced by ET-1 (Figure 1D), which
strengthens considerably the idea that dipyrone has anti-
pyretic properties unrelated to COX inhibition. Unexpect-
edly, although dipyrone reduced the febrile response
(Figure 2A), as well as the increase in PGE, concentration in
the CSF (Figures 2B and 3B), it did not show any effect in the
hypothalamic (Figures 2C and 3C) PGE, content after LPS or
ET-1 injection, even though it reduced the basal hypotha-
lamic PGE, content in vehicle-injected control animals
(Figures 2C and 3C). This may suggest that the amounts of
dipyrone or of its metabolites that reached the hypothalamus
were insufficient to inhibit the enhanced local PGE, synthesis
promoted by these two inducers of COX-2 expression. In
order to act in the CNS, systemically administered drugs must
cross the blood-brain barrier (BBB) and/or blood—CSF barrier
(BCSFB), where their distribution depends on the direction of
gradients between CSF and interstitial cerebral fluid. Thus,
the extent of permeability of each drug and its accessibility to
different areas of the CNS is clearly compound dependent
(Ghersi-Egea et al., 2009). Cohen et al. (1998) showed that
after oral administration of dipyrone, its metabolites were
found in the CSF, demonstrating that dipyrone and/or its
metabolites can cross the BBB or BCSFB. However, there are
no studies measuring levels of these metabolites in the hypo-
thalamus or any other brain areas. Taken together, these
results suggest that the antipyretic effect of dipyrone is not
dependent on inhibition of PGE, synthesis in the hypothala-
mus, considered the main brain area for the PGE, synthesis/
effect during the development of fever (Scammell et al., 1998;
Nakamura et al., 2005; Okumura et al., 2006; Lazarus et al.,
2007; Futaki et al., 2009).

Peripherally generated PGs could also be important for
fever development (Steiner et al., 2006; Blatteis, 2007). Thus,
we also measured the effects of dipyrone on venous plasma
concentrations of PGE, in rats given i.v. LPS. We found that
dipyrone blocked the increase in plasma PGE, concentration
induced by LPS (Figure 4), which could suggest that part of its
antipyretic effect against LPS-induced fever might also result
from decreased delivery of peripheral (blood) PGE, to the CSF
and hypothalamus. However, as dipyrone reduced the PGE,
levels in CSF (Figure 2B), but not in hypothalamus
(Figure 2C), it is possible that peripheral PGE, might be a
relevant source for the PGE, found in the CSF, but that
neither PGE, generated in the periphery nor that contained
in the CSF contributed to its levels in the hypothalamus.
Finally, as i.c.v. injection of dipyrone abolished fever induced
by LPS in mice, this drug is able to exert a central antipyretic
effect, at least in this species (Souza et al., 2002).

It is important to mention that many studies have disso-
ciated the analgesic effects of dipyrone from an action on
PGE; synthesis (Sachs et al., 2004; Siebel et al., 2004; Rezende
et al., 2008). Therefore, further studies are necessary to define
fully the PG-independent mechanisms underlying the
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antipyretic and analgesic properties of dipyrone or its
metabolite(s).

In conclusion, these findings demonstrate unequivocally
that PGE, does not play a relevant role in ET-1-induced fever.
Moreover, our results from dipyrone-treated animals provide
evidence that neither PGE, present in the CSF nor that syn-
thesized in the periphery contributes to the levels of this
eicosanoid found in the hypothalamus. The fact that dipy-
rone can block both PG-dependent and PG-independent
pathways of the fever induced by LPS suggests that this drug
has a distinct profile of antipyretic action from that of other
COX inhibitors, which could be advantageous in treating
fever.
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